The successful inhibition of sexual thoughts, desires, and behaviors represents an essential ability for adequate functioning in our daily life. Evidence derived from lesion studies indicates a link between sexual inhibition and the general ability for behavioral and cognitive control. This is further supported by the high comorbidity of sexual compulsivity with other inhibition-related disorders. Here, we aimed at investigating whether sexual and general inhibition recruit overlapping or distinct neural correlates in the brain. Furthermore, we investigated the specificity of two different kinds of sexual inhibition: inhibition of sexually driven motor responses and inhibition of sexual incoming information. To this end, 22 healthy participants underwent functional Magnetic Resonance Imaging (fMRI) while performing a task requiring general response inhibition (Go/No-go), as well as cognitive and motivational sexual inhibition (Negative Affective Priming and Approach-Avoidance task). Our within-subject within-session design enabled the direct statistical comparison between general and sexual inhibitory mechanisms. The general inhibition task recruited mainly prefrontal and insular regions, replicating previous findings. In contrast, the two types of sexual inhibition activated both common and distinct neural networks. Whereas cognitive sexual inhibition engaged the inferior frontal gyrus, the orbitofrontal cortex and the fusiform gyrus, motivational sexual inhibition was characterized by a hypoactivation in the anterolateral prefrontal cortex. Both types of sexual inhibition recruited the inferior frontal gyrus and the inferotemporal cortex. However, the activity of the inferior frontal gyrus did not correlate with behavioral inhibitory scores. These results support the hypothesis of inhibitory processing being an emergent property of a functional network.
Introduction
Sexuality is one of the main driving forces underlying human behavior. Being essential for the individual's ability to reproduce, sexuality is a deeply rooted and highly rewarding behavior. Nonetheless, the ability to inhibit sexual stimuli and control sexual behavior is of utter On the other hand, neuroimaging studies investigating the neural correlates of general response inhibition using the Go/No-go paradigm, consistently describe mostly right-lateralized activation of the superior, middle, and inferior frontal gyri, the pre-supplementary motor area, the ACC, the inferior parietal lobe, the angular gyrus, basal ganglia, and anterior insula during the deliberate inhibition of a preponderant response [7, [19] [20] [21] . Similarly, an erotic Go/ No-go task engaged the dorsolateral prefrontal cortex, the anterior cingulate and the anterior insular cortices [10] . It is therefore plausible to assume that a common inhibitory network exists involving the dorsolateral prefrontal cortex, the anterior insula and the ACC. The possibility of an overlapping network for general and sexual inhibition has not been directly tested before. Moreover, the few neuroimaging studies that addressed sexual inhibition made mostly indirect inferences (i.e. based on the passive viewing of sexual stimuli). Hence, the question to what extent sexual inhibition comprises general inhibition mechanisms and which, if any, specific sexual inhibition networks are involved in different forms of sexual control is largely unanswered. For instance, it is possible that the mechanisms that allow the control of sexual thoughts are different from those that allow the control of sexually driven actions. To this regard, evidence comparing distinct aspects of sexual inhibition is missing.
Here, we aimed to characterize the neural substrates of sexual inhibition using functional Magnetic Resonance Imaging (fMRI) with two experimentally controlled paradigms assessing the motivational and cognitive aspects of sexual inhibition: Negative Affective Priming and Approach-Avoidance. We previously showed that the control of motivationally driven motor action tendencies (motivational sexual inhibition assessed by an Approach-Avoidance paradigm) behaviorally differs from the attentional control over sexual inputs (cognitive sexual inhibition assessed by a Negative Affective Priming paradigm) [22] . In addition, we included a classic response inhibition task (Go/No-go task) to directly investigate the potential overlap in neural correlates between sexual and general inhibition in a within-subject design.
Method

Participants
Twenty-four healthy male participants (18-34 years old) without neurological or psychiatric disorders took part in this study. One participant was excluded due to extensive head movements, and a second participant due to technical difficulties leading to an incomplete data set (final sample: N = 22, mean age = 24.77, SD = 4.76). Participants gave written informed consent and at the end of the session they received twenty euro in vouchers for their participation. The study was approved by the local Ethical Committee of the Faculty of Psychology and Neuroscience at Maastricht University.
Procedure and instruments
Participants performed two sexual (Approach-Avoidance and Negative Affective Priming task) and one non-sexual (Go/No-go task) paradigm in an MR scanner. The order in which the two sexual tasks were presented was counterbalanced. The Go/No-go task was always presented between the sexual tasks to prevent habituation to sexual stimuli.
Approach-Avoidance task. This paradigm was selected to measure motivational sexual inhibition as it targets approach-avoidance tendencies towards stimuli with affective or neutral content (Fig 1) . Previous adaptations using sexual stimuli have shown to be sensitive to gender differences [23] , to be related to the amount of viewing time of erotic stimuli [24] , and to predict pornography watching frequency [22] .
There were four blocks of 48 randomized trials each. In two blocks, participants were instructed to approach the sexual stimuli (presented in 50% of the trials) and to avoid the non-sexual stimuli. For the other two blocks, participants were instructed to do the opposite. To approach, participants had to pull a joystick towards them. This action doubled the image size. To avoid, they had to push the joystick away from them, which in turn halved the image size. In every trial, the presentation of the stimulus lasted 1700 milliseconds. To avoid variability in timing across trials and participants, the resizing always occurred 1300 ms after stimulus onset. Between trials, a fixation cross was presented for 3400, 4250, or 5100 ms (Fig 1) . The four blocks were counterbalanced.
Sexual stimuli were color photographs displaying sexual intercourse or oral sex between one woman and one man; 95% of these pictures were previously evaluated and validated in terms of valence and arousability [25] . The remaining pictures were selected from the internet. Non-sexual stimuli were color photographs of one woman and one man dancing [23] . The proportion of the exposition of the bodies (with special attention to the female body) with respect to the whole picture was comparable in both conditions. Images were displayed on a light gray background and the default size of the image was 337,9 X 272,5 pixels (horizontal orientation) in half of the blocks and 257,6 X 400 pixels (vertical orientation) in the other half. We calculated a Sex Approach-Avoid index, by subtracting the reaction times in Sex Approach blocks from reaction times in Sex Avoid blocks. A major Sex Approach-Avoid index indicated a stronger control over sexual motivation, by taking less time to avoid sexual stimuli and/or taking longer to approach them. The split-half reliability of this task was of .37 (p = .01).
Negative affective priming task. This paradigm (adapted from [23] ) addressed cognitive sexual inhibition (Fig 2) . Participants had to attend to one stimulus while ignoring a simultaneously presented distractor. In the next trial, the participant had to respond to the kind of stimulus that was previously ignored which causes a response delay (priming effect). The link between two successive trials was not obvious to the participant and, therefore, it can be argued that this task measures automatic inhibition (for an overview see [26] ). The priming effect has shown to be larger for sexual than for neutral stimuli presumably due to a major implication of inhibition [22] [23] . In addition, this task predicted the frequency of sexual thoughts in daily life [22] . The task consisted of four types of trial-sequences: a) Sex Priming, b) Sex No Priming, c) Non-Sex Priming, and d) Non-Sex No Priming. A trial-sequence contained a prime and a probe trial; during each, two pictures were presented simultaneously. The pictures were displayed one above the other; one surrounded by a black and the other by a gray frame. The instruction was to attend only to the picture with the black frame (target), therefore ignoring the one with the gray frame (distractor) and to indicate whether the target displayed sexual or non-sexual content. Participants responded by pressing a left or right button on a button box located below their right hand. During the priming trial-sequences, the content type of the distractor in the prime trial was the same as in the target picture of the probe trial. In the control trial-sequences (No Priming) the content type of the distractor in the primer trial and the target in the probe trial was different. The target of the probe trial could be sexual or non-sexual. Fig 2A provides an overview of the four different conditions.
The four types of trial-sequences were presented randomly in equal proportions throughout each of three blocks. Each block contained 32 trial-sequences and there were 24 trial-sequences in total for each condition. The prime and probe trials were presented for 1700 ms each. A fixation cross was displayed for 1700 ms between the prime trial and probe trial of the same sequence, and for 3400, 4250, or 5100 ms between different trial-sequences (Fig 2B) . The sexual stimuli were pictures (320 x 260 pixels) different from those used in the AAT but with the same content characteristics. The non-sexual stimuli were photographs of one man and one woman exercising together. The neutral stimuli (distractors in the probe trials) were pictures of neutral objects (e.g. pencil case). Pictures were displayed on a light gray background and the picture frames were three pixels in width. 85% of photographs were selected from previously used data sets [23, 25] , and the remaining were selected from the internet. A main sexual priming score was calculated by subtracting the sexual priming index (Sex Priming RT-Sex No Priming RT) minus the non-sexual priming index (Non-Sex Priming RT-Non-Sex No Priming RT). A higher index indicated a stronger sexual priming effect and thus, a stronger sexual inhibition. The split-half reliability of this task was of .31 (p = .21). The low reliability of the sexual tasks was possibly due to the large variability across stimuli. In spite of the reliability costs, such variability is desired as it allows generalization and ensures sensitivity. Because the images remain constant across participants and we compared the reaction times on the experimental versus control trials for the exact same images, the calculated indices are considered to be sensitive and valid to measure individual differences in inhibition. Accordingly, the main effects (See Results) were consistent with previous work [22] [23] [24] , which indicates external reliability. Go/No-go task. This paradigm was used to target general inhibition. Participants were instructed to respond to a frequent Go stimulus and to not respond to an infrequent No-go stimulus. They responded with the right index finger on a button-box (Fig 3) . As stimuli, the letters 'C' and 'M' were used and which letter was defined as the Go or No-go stimulus was counterbalanced across participants. Participants had to complete four blocks of 80 trials each (25% No-go trials). Every trial consisted of the presentation of the stimulus for 200 ms, followed by an inter-trial interval of 1500, 2350, or 4050 ms (Fig 3) . Hits (responding to a Go trial), correct No-go's (not responding to a No-go trial), false alarms (responding to a No-go trial), and misses (not responding to a Go trial) were recorded. Responses after 650 ms with respect to stimulus onset were not registered. The letters (3 X 2.3 cm) were displayed in white color on a gray background [7, 20] . The three computer-based tasks were programmed and presented with PsychoPy [27] .
Prior to entering the MR Scanner, participants performed a brief practice session for each task. There were twenty practice trials for the Approach-Avoidance Task (AAT), eight for the Negative Affective Priming task (NAP), and ten for the Go/No-go task. The practice trials involved different stimuli than the actual tasks (animals and plants for the AAT and NAP tasks, and 'T' and 'K' letters for the Go/No-go task).
Technical details and fMRI acquisition
Participants performed all paradigms inside the MR Scanner. Data were acquired at the 3 T Siemens Prisma Scanner at the Maastricht Brain Imaging Center, Maastricht University. Functional EPI images were collected using an in-house developed multi-echo multi-band sequence (TR = 850 ms, TE = 15/30/44 ms, flip angle = 50˚, FOV = 210 mm, 36 slices, isovoxel 3 mm 3 ). Online-scanner reconstruction was performed using the slice-GRAPPA algorithm [28] with leakage artifact reduction [29] as implemented in the reconstruction of the MGH blipped-CAIPI SMS-EPI distribution (software and complete documentation are available at https:// www.nmr.mgh.harvard.edu/software/c2p/sms). This GRAPPA sequence was selected to optimize the BOLD signal in frontoventral regions.
High-resolution anatomical images were acquired with a MPRAGE sequence (TR = 2250 ms, TE = 2.21 ms, FOV = 256 mm, 192 sagittal slices, isovoxel 1 mm 3 ). The acquisition of anatomical images was done after the Go/No-go task (see above) to avoid cognitive fatigue. 
fMRI analyses
The imaging data were pre-processed and analyzed with Brain Voyager 21 (Brain Innovation, Maastricht, Netherlands).
Prior to the pre-processing, the echo images were combined using an optimized echo weighting method [30] . The images were motion-corrected (trilinear / sinc interpolation and aligned to the first functional volume acquired after the anatomical sequence) and corrected for slice timing skew using temporal sinc interpolation. A temporal high pass filter (3 cycles) was applied. Images were co-registered to the individual T1 weighted images and normalized to Talairach stereotaxic space. Volume time courses were spatially smoothed using a 6mm full width half maximum Gaussian kernel.
To analyze the activation pattern of every task an event-related approach was implemented using a GLM model and a random-effects group analysis. For the sexual tasks, we executed 2 x 2 ANOVA analyses with Stimuli (Sex vs Non-Sex) and Inhibitory/Non-Inhibitory (AAT: Approach vs Avoid; NAP: Priming vs No Priming) conditions as factors. Further basic contrast analyses were executed to specifically compare sexual inhibitory conditions against the non-sexual inhibitory conditions (AAT: Sex Avoid > Dance Avoid; NAP: Sex Priming > Non-Sex Priming) and the sexual non-inhibitory conditions against the non-sexual non-inhibitory conditions (AAT: Sex Approach > Dance Approach; NAP: Sex No Priming > Non-Sex No Priming). In the case of the Approach-Avoidance task, the resizing of the stimuli was the same in the conditions within each contrast (i.e. halving the stimuli size for avoid conditions and doubling it for approach conditions), therefore keeping the intensity of the stimuli constant. Motion correction parameters were included as confound variables in the GLM. In the case of the Go/No-go task, we calculated the No-go > Go contrast to identify regions active in motor response inhibition. For the three tasks, only correct trials were analyzed, excluding the trials where the participants did not respond or committed errors. The resulting maps were corrected for multiple comparisons by means of cluster threshold level estimation (1000 Monte Carlo stimulation iterations; [31] ). Only clusters with a minimum size of 300 voxels are reported. The nomenclature of the cluster peak values was defined with the software tool Talairach Client [32] [33] .
Conjunction analyses were conducted to investigate the common neural substrates underlying the different inhibition processes. We looked at the conjunction of the three processes as compared to their respective control condition (Sex Avoid > Dance Avoid^Sex Priming > Non-Sex Priming^No-go > Hits) and of the paired combinations (i.e. Sex Avoid > Dance Avoid^Sex Priming > Non-Sex Priming; Sex Avoid > Dance Avoid^No-go > Hits; Sex Priming > Non-Sex Priming^No-go > Go). In addition we performed the conjunction analyses for the non-inhibitory conditions from the sexual tasks (Sex Approach > Dance Approach^Sex No Priming > Non-Sex No Priming). with previous studies [22] [23] [24] , participants reacted faster when responding to sexual stimuli versus neutral stimuli (Sex: M = 1172, SD = 342 ms; Dance: M = 1213, SD = 319 ms) and overall, reaction times were shorter when approaching sexual stimuli compared to approaching and avoiding neutral stimuli (Table 1) Table 2 ). When looking at the sexual avoidance condition map (Sex Avoid > Dance Avoid) a significantly decreased BOLD response was observed in the middle temporal gyrus, the inferior parietal lobule, the anterolateral prefrontal cortex, and the cuneus (CLTC p < .005; Table 2 ; Fig 4) .
Results
Behavioral data
When looking at the sexual approach condition map (Sex Approach > Dance Approach) an increased activation was observed in the middle occipital gyrus, the fusiform gyrus, the posterior cingulate, the cerebellum, the hippocampus, and the parahippocampal gyrus extending to the amygdala and to the lentiform nucleus (CLTC p < .001; Table 2 ; Fig 4) . Because the anterolateral prefrontal cortex has been previously described as part of a self-regulation network [34] and in the current paradigm showed to be hypoactive during the sexual inhibitory condition we explored its relation with behavior. A correlation analysis showed a negative relation between the activity of this region (spherical ROI: x, y, z = 30, 59, 2; size: 257 voxels) and the main Approach-Avoidance reaction times index, indicating that participants who showed Table 3 ). The sexual priming condition (Sex Priming > Non-Sex Priming) map revealed a significant increased BOLD response in the middle temporal gyrus, the posterior cingulate (CLTC p < .001), the inferior frontal gyrus, the middle frontal gyrus (orbitofrontal region), the medial prefrontal cortex, and the fusiform gyrus (CLTC p < .005; Table 3 ; Fig 6) . The sexual No Priming condition map (Sex No Priming > Non-Sex No Priming) showed a significant enhanced activation in the cingulate gyrus, the post-central gyrus, the middle and superior temporal gyri, the inferior occipital gyrus, the medial prefrontal cortex, the parahippocampal gyrus (CLTC p < .001) and the lentiform nucleus (CLTC p < .005; Table 3; Fig 6) . As the inferior frontal gyrus has been widely investigated in self-control and inhibition literature [35] , we explored the relationship between its activation during the sexual priming trials and the sexual priming behavioral outcome (main NAP reaction times index). The relationship between the beta parameters in this region (spherical ROI: x, y, z = 46, 30, 13; size: 257 voxels) during the sexual priming condition and the NAP index was not significant (r = .21, p = .35).
Go/No-go task. When performing the No-go > Go contrast an increased activation in the right superior frontal gyrus, bilateral insula, extending to the inferior frontal gyrus on the right side, was observed (CLTC p < .001; Table 4 ; Fig 7) . As we did with the motivational sexual inhibition task, we explored a relationship between the activity in the inferior frontal gyrus during the No-go condition (spherical ROI: x, y, z = 44, 18, 10; size: 257 voxels) and behavioral measures (number of false alarms and misses). This region of interest was created from the No-go > Go Conjunction analysis. The conjunction analyses of the three inhibitory processes contrasted against their respective control condition (Sex Avoid > Dance Avoid^Sex Priming > Non-Sex Priming^No-go > Go) did not reveal any overlapping region.
For the two sexual inhibitory processes (Sex Avoid > Dance Avoid^Sex Priming > NonSex Priming), the analysis revealed an overlap in the inferior frontal gyrus and in the inferior and middle temporal gyri only at a liberal threshold of significance (CLTC p < .05). We also performed the conjunction of the two non-inhibitory sexual conditions from the two sexual tasks (Sex Approach > Dance Approach^Sex No Priming > Non-Sex No Priming). This analysis showed a common activation in the anterior and posterior cingulate, in the thalamus, the precuneus, the inferior occipital gyrus and the lentiform nucleus (CLTC p < .05; Table 5 ; Fig 8) . Regarding the conjunction analyses of the Go/No-go task individually with each of the sexual tasks, results showed no overlapping even at a liberal threshold (CLTC p < .05).
Discussion
In this study, we aimed at characterizing the neural correlates of sexual inhibition and at exploring whether there are common or distinct networks for cognitive versus motivational sexual inhibition, and how these networks relate to the networks recruited during general response inhibition. For this purpose, we used two different paradigms to target cognitive sexual inhibition (Negative Affective Priming) and motivational sexual inhibition (ApproachAvoidance), in addition to a classic Go/No-go paradigm to target general response inhibition. The neural mechanisms underlying sexual inhibition
In a within-subject design, participants were required to execute all of these inhibition tasks while assessing their task-related whole-brain BOLD signal changes using fMRI. To our knowledge, this is the first neuroimaging study that directly compares the neural networks underlying general inhibition and two types of sexual inhibition with a within-subject within-session design. The paradigms that we selected to target general inhibition, cognitive sexual inhibition and motivational sexual inhibition differed considerably in their design. This is important as it has been argued that the neural network associated with classic inhibitory paradigms reflects non-inhibitory processes inherent to the design (e.g. infrequent stimuli detection during No-go trials in the Go/No-go task). Therefore, by using different designs we reduced the risk of finding common neural mechanisms of non-inhibitory psychological processes associated with one particular paradigm.
Our findings demonstrate that whereas the motivational sexual inhibition is distinguished by a prefrontal hypoactivation pattern, cognitive sexual inhibition is characterized by activation in the ventromedial and inferolateral prefrontal regions. Nonetheless, both sexual inhibitory processes show a common activation in the inferior frontal gyrus and in the inferotemporal cortex. The general inhibition paradigm engaged the insula and the right inferior The neural mechanisms underlying sexual inhibition frontal gyrus, which is in accordance with previous literature [7, 20] . We will now discuss the activation pattern of every sexual inhibitory process followed by a discussion of the different inhibitory commonalities.
Motivational sexual inhibition
The inhibitory control to avoid sexual stimuli was characterized by a hypoactivation in the anterolateral prefrontal cortex, the inferior parietal lobe, the middle temporal gyrus, and the cuneus. Of particular relevance is the observed hypoactivation of the anterolateral prefrontal cortex. This region was previously engaged in a similar approach-avoidance paradigm, being active in incongruent conditions (approaching angry faces and avoiding happy faces) as compared to congruent conditions [34] . It is intriguing that in the current study this region was hypoactive during the self-regulation (avoid sexual stimuli) condition. https://doi.org/10.1371/journal.pone.0208809.g007
The neural mechanisms underlying sexual inhibition
It is possible that in our paradigm, a tonic inhibitory process was induced by the mere exposure of sexual pictures during the tasks, which was 'released' when participants deliberately aimed at avoiding the sexual images. Remarkably, the activation in this region correlated with the Approach-Avoidance main index. Individuals with a stronger inhibition of sexual stimuli (by avoiding them faster and/or taking longer to approach them) showed a stronger hypoactivation in the anterolateral prefrontal cortex during the sex avoiding trials. If it was the case that the anterolateral prefrontal cortex is sustaining a tonic inhibitory process, this would indeed explain why this mechanism was more active in individuals with a stronger motivational inhibition of sexual stimuli.
In contrast to the inhibitory control condition, approaching sexual stimuli largely engaged subcortical areas (the lentiform nucleus and the amygdala) that have been associated with sexual arousal and penile tumescence [16] . Lesions in the amygdala have led to hypersexuality in some patients [15] . Similarly, an irregular functional activation has been found in the lentiform nucleus of sexual compulsive patients [36] . This seems to indicate that not only the integrity of inhibitory networks is relevant for successful control of sexual behavior, but also the integrity of regions engaged in sexual approach. This is in concordance with the dual control model of male response [37] , which states that the balance between sexual excitatory and sexual inhibitory mechanisms is essential for the regulation of sexual behavior and a disproportional high sexual excitation or disproportional low sexual inhibition can lead to hypersexual behavior. 
Cognitive sexual inhibition
The Negative Affective Priming paradigm allowed us to target the neural correlates of inhibiting sexual information at a cognitive level. The left orbitofrontal cortex, the fusiform gyrus, the middle temporal gyrus, the posterior cingulate, and the right inferior frontal gyrus were engaged during cognitive sexual inhibition. Although an inhibitory role has often been ascribed to the right inferior frontal gyrus and generally to the ventrolateral prefrontal cortex [4] , previous work has shown that the temporal disruption of this region with transcranial magnetic stimulation led to an increase in cognitive sexual inhibition after accounting for sexual excitation scores [38] . Recent evidence shows that the inferior frontal gyrus is sensitive to processes inherent to inhibition paradigms such as target detection, and therefore not exclusive to inhibition itself [39] . Moreover, in the current study, the activation level of this region did not correlate with the behavioral inhibitory index. Therefore, the inferior frontal gyrus seems to play a relevant role during cognitive sexual inhibition but it does not seem to code for sexual inhibition itself. https://doi.org/10.1371/journal.pone.0208809.g008
The left orbitofrontal cortex has been proposed to exert an inhibitory tonic control over sexual stimuli, as it has shown to be hypoactive during different sexual cognition paradigms. In addition, this proposed inhibitory mechanism is dependent on testosterone levels, as this pattern (orbitofrontal deactivation towards sexual stimuli) is not observed in hypogonadal men and it is restored after testosterone administration [15, 40] . In addition, the lesion to the orbitofrontal cortex often leads to impairments in socio-affective regulation including sexual inhibition [15] . Its activation during the current study provides direct evidence for its engagement during the inhibition of incoming sexual stimuli (cognitive sexual inhibition). Because this inhibitory process occurs without the awareness of the individual (is not deliberate), it may actually constitute a default, or tonic, inhibitory mechanism.
Finally, we found that the fusiform gyrus was also active during cognitive sexual inhibition. The inferotemporal cortex, where the fusiform gyrus is located, has been suggested to act as a tonic inhibitor in the control of sexual behavior, as its lesion or resection has led to hypersexuality [15, 41] . However, it is unclear whether the fusiform gyrus was compromised in the brain damage. Although the function typically attributed to the fusiform gyrus is the recognition of complex visual patterns [42] , there is growing evidence showing the involvement of the fusiform gyrus in inhibition, emotion regulation (e.g. [7, 19, [43] [44] [45] [46] ) and in non-visual sexual cognition [47, 48] . Thus, it could also be possible that its engagement during this paradigm represents an adaptive signaling during the inhibitory process through pattern recognition that is functionally guided (e.g. through an increased attention in faces).
Overlap between motivational sexual and cognitive sexual inhibition
We posed the question whether inhibiting sexually driven motor actions and inhibiting sexually incoming information would share common neural substrates. The motivational sexual and cognitive sexual inhibitory conditions showed an overlap in the inferior frontal gyrus and in the inferior and middle temporal gyri. As was discussed before, although frequently associated with response inhibition [49] , the exclusively inhibitory role of the inferior frontal gyrus has been challenged and recent evidence suggests a role in detecting sexual salient cues during cognitive sexual inhibition [38] . The fact that this area was commonly active during the two sexual inhibitory but not in the sexual non-inhibitory conditions, suggests that this region is not only sensitive to detecting salient sexual stimuli but in detecting them in function of other cognitive demands, which is inhibition in this case.
The inferior and medial temporal gyri were also conjointly active during the two types of sexual inhibition. The posterior inferotemporal cortex has found to be active during the perception of sexual stimuli and to vary according to the levels of sexual arousal and penile tumescence [50] [51] . It is noteworthy that in the current study the conjoint activation of the posterior inferotemporal cortex appeared in the sexual inhibitory conditions (cognitive sexual and motivational sexual inhibition) but not in the sexual non-inhibitory conditions. This observation seems to support the notion that posterior inferotemporal regions play a specific role during sexual inhibition. Similar to the role of the fusiform gyrus-also part of the posterior inferotemporal cortex-during cognitive sexual inhibition, the posterior inferior and medial temporal gyri can play a part in recognizing patterns that are adaptively relevant during the inhibitory processes.
The pattern of activation during the two sexual inhibitory conditions largely contrasts with the pattern of the sexual non-inhibitory conditions from the two tasks. The latter revealed a common activation in the anteromedial prefrontal cortex which is associated with the subjective experience of sexual arousal [16] . In addition, there was a conjoint activation in the globus pallidus which when lesioned has led to hypersexuality in some clinical cases [15] . Research has shown that the structure and functionality of other basal ganglia regions are related to the frequency of sexual behavior and shows an abnormal pattern in hypersexual individuals [36, 52] . The neural activation pattern of sexual inhibition in this study did not reveal any activation in the basal ganglia. This shows once again, that the integrity of both, sexual excitatory and inhibitory networks, is important for the successful control of sexual manifestations.
Overlap between sexual and general inhibition
Given the coexistence of sexual and general inhibition deficits in different clinical conditions, we also investigated whether sexual inhibition shares common neural mechanisms with general inhibition. We did not find commonalities among cognitive sexual inhibition, motivational sexual inhibition, and general inhibition. The absence of common neural networks in sexual and general inhibition seems to contrast with clinical observations showing that frontal lobe damaged patients are unable to control both their sexual and non-sexual behavior. Different explanations may account for this finding: 1) The three inhibitory processes recruited different but adjacent portions of the ventrolateral prefrontal cortex, therefore an extensive lesion in the area would lead to a generalized impairment in different inhibitory modalities.
2) The Go/No-go paradigm lacks a socio-affective component; the general inhibition impairment reported in frontal lobe lesion patients often refers to a disregard for social or even moral norms [53] [54] . Thus, the link between general and sexual inhibition may rely on processes involving social and/or affective cognition. 3) Although the Go/No-go task does not relate to other sexual inhibitory processes per se, general inhibition may influence non-sexual processes that ultimately relate to sexual behavior; for instance, a lack of inhibition in social contexts could lead to more sexual encounters.
Another potential contradiction to our findings is that sexual compulsion is often comorbid with other disinhibition related behaviors such as substance abuse. Even if sexual and general inhibition recruited different neural substrates, some conditions could influence different networks indistinctively. For example, a deficit in dopamine would have an effect on cognitive, motor, and motivational circuits.
Limitations and future directions
While our study allowed the characterization of the neural circuits sustaining sexual inhibitory mechanisms, one should consider that a possible limitation of the study is that only male participants were tested. Since women are less vulnerable to sexual inhibition impairments such as in hypersexuality [55] , and women and men show important differences in sexual cognitive processes [23] and inhibitory ones [56] [57] , we included only men in our sample to provide a first test of the role of inhibition in sexual responding. However, future studies should also target sexual inhibitory processes in women and see whether these differ from patterns observed in men.
Regarding the technical part of the method, future studies can benefit from two particular points in the acquisition and in the analysis of the data. First, future studies may benefit, as we did, from the use of fMRI sequences that optimizes the signal in frontoventral regions. These regions are generally susceptible to noise artifacts, but are nevertheless crucial in socio-affective processing. Second, although our design provided the spatial accuracy and functional specificity that was not given by other methods or paradigms, a better comprehension of the neural circuits sustaining sexual inhibition can be achieved by studying the network interactions through advanced methods such as dynamic causal modelling.
Finally, it is noteworthy that the regions found to be common in the inhibitory and noninhibitory conditions of the sexual tasks were only observed at a very liberal threshold of significance (p = .05, CLTC) which may lead to false positives. Therefore, these results and its interpretation should be considered with caution.
In sum, this study did not support the existence of common general and sexual inhibitory networks. However, the inhibition of a sexually motivated driven action and the attentional inhibition of sexual information commonly engaged the inferior frontal gyrus and the posterior inferotemporal cortex. The specific functional properties of these regions, as well as those of the individual networks (for cognitive sexual and motivational sexual inhibition) remain to be studied in order to understand the distinct symptomatology and comorbidity of sexual disorders.
